ABSTRACT: This is a recommended management algorithm from the Western Trauma Association addressing the management of adult patients with rib fractures. Because there is a paucity of published prospective randomized clinical trials that have generated Class I data, these recommendations are based primarily on published observational studies and expert opinion of Western Trauma Association members. The algorithm and accompanying comments represent a safe and sensible approach that can be followed at most trauma centers. We recognize that there will be patient, personnel, institutional, and situational factors that may warrant or require deviation from the recommended algorithm. We encourage institutions to use this as a guideline to develop their own local protocols. (J Trauma Acute Care Surg.
R ib fractures are the most common chest injury sustained from a variety of primarily blunt injury mechanisms. They may be associated with other immediate or potentially life-threatening injuries. The pain associated with rib fractures, along with underlying pulmonary pathology, contributes to impaired gas exchange, and increased risks of pneumonia and respiratory failure. Although the overall mortality in adult patients with rib fractures is approximately 10%, deaths in young adults are generally attributed to associated injuries. In contrast, elderly patients with rib fractures have at least a 20% mortality that is often directly related to progressive respiratory failure and pneumonia. [1] [2] [3] As the population ages, this problem will become even more prevalent in all trauma centers across the country. Thus, the need for guidelines to ensure appropriately aggressive treatment for rib fractures is increasingly important to prevent these complications.
Risk for Respiratory Compromise and Need for Close Monitoring
Patients with rib fractures should be monitored closely for respiratory decompensation. There are several ways to identify patients who have sustained significant rib fractures, although none have perfect sensitivity or specificity. One option is to use a somewhat arbitrary age cutoff. Age is clearly arbitrary, and there are numerous ways of more appropriately identifying patients who are physiologically old. These measures of frailty are becoming more widespread, and the intent of this algorithm ( Fig. 1 ) is to suggest that frail patients with rib fractures require more aggressive monitoring and intervention. 4, 5 Our recommendation, based on institutional protocol and experience, is to recommend that patients with more than two significant rib fractures who are older than 65 years be admitted to a monitored unit with ICUlevel staffing recognizing that specific institutions already using other measures to identify frail patients should continue to do so. In patients with underlying pulmonary dysfunction, or those who are frail, consideration should be given to using a lower age threshold regardless of signs of respiratory compromise at the time of admission. Similarly, for those older than 65 who have no underlying comorbidities, minimal pain, and are in good overall health, a nonmonitored setting may be appropriate. An alternative method of identifying patients at risk for respiratory decompensation is to use some measure of respiratory compromise. Hypoxemia (oxygen saturation <92% on room air), inability to perform incentive spirometry greater than 1,000 cc or greater than 15 cc/kg, and a vital capacity of less than 1.4 or less than 55% of predicted have all been used to identify these patients early. [6] [7] [8] [9] Others have suggested a much lower threshold, using a cutoff of 30% of predicted vital capacity to identify patients likely to develop complications. 10 As with any screening test, the sensitivity of the criteria is most important; if there is no respiratory deterioration 24 hours after admission, the patient can be safely moved to a standard ward.
Severity of Rib Fractures
The anatomic definition of flail chest is three or more ribs broken in two or more places. This definition attempts to characterize a segment that is disconnected from the rest of the chest wall and moves paradoxically inward with inspiration. However, in most patients, the respiratory compromise that occurs with flail chest is not due to paradoxical movement but rather underlying contusion and pain. In the same way, multiple ribs that are broken in a single place, or fewer ribs that are significantly displaced, may be associated with pain that is much greater than that generated by a flail segment with minimal displacement. Rather than rely on a standard definition of a flail segment, some measure, which incorporates the number of fractures, presence of bilaterality, location and distribution in the chest, and degree of displacement, has been proposed to better identify those at risk. These characteristics have been incorporated into a rib fracture score described by Pieracci et al. 11 Computed tomography of the chest with three-dimensional reconstruction is necessary to adequately assess anatomic severity if rib fixation is being considered; it is not necessary solely to document or determine severity of fractures. In addition to purely anatomic considerations, the severity of the underlying pulmonary contusion may contribute significantly to the degree of hypoxemia or respiratory compromise. For this reason, the use of clinical judgment combining physiologic derangements and anatomic considerations to assess severity is necessary.
Pain Control
The most important aspect of pain management is provision of adequate pain control using a multimodality approach. Oral or intravenous acetaminophen along with oral or intravenous nonsteroidal anti-inflammatory agents provides significant pain relief and decreases overall opioid requirements. [12] [13] [14] Local anesthetic, either in the form of rib blocks or intrapleural use, is effective. 13 For patients with severe pain, early use of regional anesthesia (epidural or paravertebral) improves pain control, and seems to improve outcome, particularly in the elderly. [14] [15] [16] [17] [18] [19] One of the issues with the use of regional anesthesia in these patients is the need for concomitant DVT prophylaxis, as most of these patients are at high risk for thromboembolism. Current evidence-based guidelines from the American Society of Regional Anesthesia and Pain Medicine recommend that epidural catheters be placed at least 10 to 12 hours after a prophylactic dose of low-molecular weight heparin and that a prophylactic dose be given at least 2 hours after epidural catheter removal. Using standard measures of coagulation, placement of an epidural catheter is safe in patients with an international normalized ratio of less than 1.5. Finally, a period of 3 days without drug before epidural catheter placement is necessary for apixaban and rivaroxaban and 5 days for dabigatran, with a period of 6 hours before drug initiation after removal of the epidural catheter recommended. The same guidelines are recommended for paravertebral blocks. 20 Another issue with the use of regional blocks is the variability in the absolute and relative contraindications that exists across practices, and the lack of standard recommendations. Generally accepted absolute contraindications from the anesthesiology literature include patient's refusal, uncorrected hypovolemia, increased intracranial pressure, infection at the site, and allergy to local anesthetic. Relative contraindications include coagulopathy, platelet count of less than 100,000, a patient unable to cooperate with the neurological examination, anatomic abnormalities, sepsis, unstable spine due to trauma, and positioning problems. The list reported by trauma surgeons for both absolute 
and relative contraindications is much longer. 21 The current focus on overuse of opioid pain medication more globally highlights the need to use non-narcotic treatments for rib fracture pain, which have good evidence of effectiveness.
Rib Fixation
The strategy to improve function and decrease pain with most fractures is to minimize movement, employing internal or external fixation. Older attempts to do this for rib fractures, with taping or banding, limited chest wall excursion and subsequent lung expansion, leading to further respiratory compromise. Current approaches use smaller plates and screws using either a minimally invasive technique or a formal thoracotomy. It has been difficult to show an advantage over standard treatment with regard to pain, ventilator-free days, overall length of stay, quality of life, or survival. This has been primarily due to the heterogeneity of the patient population, delay in treatment, and selection bias of the treating surgeons. 22 However, three small randomized controlled trials do suggest significant benefit in selected populations, as do larger prospective observational series, some retrospective series, and a meta-analysis. These benefits include fewer days of invasive and noninvasive ventilation, fewer patients with pneumonia, and fewer patients with tracheostomy. Impact on pain is more variable and effect on long-term functional outcomes unknown. 11, [23] [24] [25] [26] [27] [28] [29] [30] Despite the suggestion of benefit, there is still no consensus on how best to select patients that could be helped, and how widely this potentially beneficial therapy should be used. The meta-analysis concludes that additional prospective randomized trials are necessary due to the reliance on primarily small retrospective studies. When deciding whether rib fixation is a good option, there are a few things to consider other than the severity of the rib fractures. First, the patient should be free of other injuries that would prolong intubation or immobility, such as a severe head injury or pelvic fracture. In these cases, rib fixation is not likely to alter the patient's overall clinical course, as the benefits that have been most clearly shown are related to decreasing ventilator days. Second, the fixation should occur early, ideally within 48 hours of admission, to maximize the likelihood of avoiding ventilator-associated complications that would independently increase ventilator days. Lastly, if the patient needs either a video-assisted thoracoscopy or thoracotomy at any point, the ribs can be fixed during either of these procedures.
Pulmonary Hygiene
Pulmonary hygiene, pulmonary toilet, cough and deep breathe, get out of bed. This is probably the most commonly written order for patients with rib fractures, and its importance is a deeply held belief by practitioners. However, data supporting this intervention in improving outcome in patients with rib fractures are lacking. Despite the lack of data, overwhelming anecdotal experience and Western Trauma Association expert consensus support its inclusion in the treatment algorithm for patients with rib fractures.
Repeat Chest X-ray Before Discharge
Both hemothoraces and pneumothoraces are common in patients with rib fractures and can present in a delayed manner. Many of these will require treatment with a chest tube. For this reason, a chest x-ray before discharge should be considered, whether or not the patient has been admitted to the hospital.
